INTRODUCTION
Sepsis is defined as the life-threatening organ dysfunction caused by a dysregulated host response to infection (1, 4) . Severe sepsis is thought to account for around 37,000 deaths annually in the UK(2) -more than breast, bowel and prostate cancer combined (3) .
Early recognition and treatment are key in preventing deaths from sepsis (4) . Until recently, the focus has been on timely management in secondary care, with the introduction of sepsis care bundles and early warning scores (3, 5) . However, the latest NICE guidance recognises that systems need to extend to primary care, to facilitate timely recognition and prompt treatment (4) . In addition, improving outcomes from sepsis has been highlighted as a clinical priority by the RCGP (6) and NHS England (7) .
Lactate measurement is frequently used in hospital settings to identify critical medical illness including sepsis and severe infections, and to guide treatment. With the recent increase in availability of point-of-care (POC) testing technology, possibilities for earlier biochemical testing in community settings have arisen (8) .
Community clinicians, the first point of assessment for many patients with sepsis, are in need of guidance regarding the added value of POC lactate in these settings. There are potential disadvantages of using such a test earlier in the pathway, such as increasing the time taken for assessment, false reassurance in emerging septic shock or a much higher false positive rate in a setting of much lower prevalence leading to inappropriate care escalation. Accordingly, a systematic review was undertaken to evaluate whether the use of point-of-care lactate testing at first presentation to any healthcare in a population of adults and children setting with symptoms suggestive of serious bacterial infection, reduces mortality or improves other clinical outcomes or markers of quality of care, such as time to antibiotics and length of any subsequent hospital stay.
METHODS

Search Strategy
We searched MEDLINE (1946 We excluded animal studies, case reports, comments, letters and editorials. All other study types were included in the search strategy. We searched for studies in both children and adults. There were no limits on language or date of publication. We performed citation searches of all full-text papers retrieved, to identify other relevant studies.
Data extraction
Following exclusion of duplicate studies, all titles and abstracts were screened independently by two authors (GH, DM and RF), using the following inclusion criteria: Population: patients presenting to first assessment settings including community based healthcare and emergency departments (EDs), with symptoms suggestive of serious bacterial infection; Intervention: point-of-care lactate testing, Comparator: usual care; Outcomes: at least one patient outcome (eg mortality, time to treatment, length of stay). Purely diagnostic accuracy studies were excluded, given this review's focus on clinical outcomes (and the potential circularity of lactate measurement being required for diagnosis of sepsis according to some existing definitions of sepsis). The full texts of remaining articles were independently screened by pairings of two authors (GH, DM and EM) and reviewed for inclusion according to the specified criteria. Disagreements were resolved by discussion with a third reviewer.
Two authors (DM and EM) independently extracted data using a proforma. The full papers were used where possible (4 studies), with abstracts used if no full paper was available (4 studies). The primary outcome was mortality. Secondary outcomes included time to lactate result, time to antibiotic and IV fluid treatment, and length of stay. Authors were contacted for further clarification or missing data where necessary.
Quality Assessment
Quality assessment was undertaken independently by two authors (DM and EM) using the ROBINS-I tool for non-randomised studies of interventions (9) . Quality was determined on a scale from low risk of bias (comparable to a well performed RCT), to critical risk of bias (too problematic to provide any useful evidence on the effects of the intervention).
Data synthesis
There were insufficient data with acceptable risk of bias to perform meta-analysis.
RESULTS
Study Characteristics
3644 titles and abstracts were screened with 65 articles subsequently assessed for eligibility ( Figure  1 ) (of which 32 were full texts, and 33 records where abstracts only were available); 57 studies were excluded; 31 did not specify point-of-care lactate testing, 21 lacked a comparator group, five provided insufficient data for inclusion. Eight studies (3161 patients) were included in the analysis (Table 1) .
Three "before and after" (10) (11) (12) , and five observational cohort studies (13) (14) (15) (16) (17) were included. In the cohort studies there was limited description of the nature of allocation to point of care testing versus control. Seven studies recruited from emergency departments (10) (11) (12) (14) (15) (16) (17) ; of these, four(14-17) examined only a sub-population admitted from ED to ICU (and of these, two (14) (15) included only patients who were subsequently mechanically ventilated). One study had a prehospital setting (13) , describing patients being transported by an aeromedical service. The studies, conducted in the USA (five), Singapore (two) and Finland (one), examined a total of 1,346 point-ofcare lactate results. Seven studies recruited from adult populations (10, 11, (13) (14) (15) (16) (17) , and one from a paediatric population (12) . In two studies the primary focus was not on point-of-care lactate testing, but evaluation of sepsis treatment targets (17) , and introduction of septic shock protocol (13) . There were no studies undertaken in general practice settings, out-of-hours primary care or ambulance services.
Methods of point-of-care lactate testing included arterial(17), venous (10) (11) (12) , and fingerprick samples (13) , and were unclear in three studies (14) (15) (16) . Precise timing of point-of-care lactate measurement was also not specified in any study. Average lactate levels ranged from 2.3-3.9mmol/L in the three studies (11, 16, 17) reporting this, with no significant differences between intervention and control groups. One study used lactate of ≥2mmol/L as an inclusion criteria (11) . No indicators of illness severity (e.g. NEWS, APACHE) were available for between-study comparison.
Lactate result handling was expressly described in two of the papers; in one, lactate levels ≥2 were immediately communicated to the attending physician, and patients with a level of ≥4 were escalated to a critical care area; all patients were tested again after 2 hours (11). In the pre-hospital aeromedical setting, point-of-care lactate results were reported on hospital arrival to the attending physician (13) .
Study Quality Assessment and Risk of Bias
Study quality assessment and risk of bias is presented in Table 3 . All included studies were found to have a moderate or serious risk of bias. Key limitations identified included: study design (lack of parallel group randomised trials); lack of definition of allocation to "point-of-care" or "usual care" lactate testing in prospective cohort studies; use of cohorts enriched for effect due to underlying risk (particularly in cohorts examining ED data only for patients subsequently admitted to the ICU) and potential for confounding of effects due to simultaneous introduction of wider sepsis care bundles. Due to the study limitations identified, and lack of comparability across study cohorts and sampling methods, no valid meta-analysis of outcome data was possible, and thus outcomes are reported descriptively.
Effects on patient outcomes and healthcare processes Mortality
Six studies examined the effect on in-hospital mortality (Table 4 .1). Three studies reported a significant reduction in mortality with point-of-care lactate testing (mortality of 6 vs 19%, p=0.02(11), OR 0.6, p=0.001 (14) and OR 0.71, p=0.006 (15)). Two studies reported a non-significant trend towards reduction in mortality (12, 17) . Only one study, in the aeromedical patient transport setting, did not demonstrate a trend towards reduced mortality with point-of-care lactate testing (55 vs 49%, p=0.78 (13)). Two studies additionally reported decreased in-ICU mortality (OR 0.65, p=0.004 (14) and OR 0.64, p=0.005 (15) ).
Time to Treatment
Outcomes for intravenous (IV) fluid administration in five studies included time to IV fluids (minutes), receiving IV fluids in <1hour, and total volume of IV fluids received (Table 4. 2). Two studies in ED patients demonstrated a significant reduction in time taken for patients to receive IV fluids; (median time of 72 v 55 minutes (p=0.03)(11); 48.8% v 35.5% receiving IV fluids in less than an hour p=0.001 (13)). No significant difference in the total volume of IV fluids received was found in the two studies examining this (2000 vs 2500mls, p=0.71 (11) , and 3300 vs 5000mls, p=0.79 (13)).
Two studies of adult patients in ED demonstrated a statistically significant reduction in time to antibiotic administration with point-of-care lactate testing, with one study demonstrating 25% of patients receiving antibiotics in <1hour compared to 15.1%, (p=0.007) (14) , and a second study quoting an odds ratio of 4.2 (95% CI 1.2-14.4) for receiving antibiotics in <3hours (16) . However, a third study in a similar setting failed to find any significant difference in time to antibiotic administration (median time of 89 vs 97 minutes, p=0.59) (11) .
No significant change in the number of patients receiving blood transfusions, intubation, central venous catheter (CVC) line insertion, (nor time to CVC line insertion), were demonstrated in adult patients (13) , although one study did report an odds ratio of 9.8 (95% CI 3.5-27.4) for measurement of CVP in ED with the introduction of point-of-care lactate testing (16) .
In the study of a paediatric population, the proportion of children receiving a fluid bolus within both 1 hour and 15 minutes of ED arrival was significantly increased by implementation of an ED septic shock protocol and care guideline, which included a point-of-care lactate measurement (43% vs 79% and 10 vs 47% respectively, p<0.05) (12) . An improvement in proportion of paediatric patients receiving antibiotics in <3hours was also evident following implementation of this sepsis protocol, however insufficient data were available for sub-analysis of any effect due to point-of-care lactate testing alone (12) .
Length of stay
Three studies (11-13) examined length of stay (Table 4. 2). One demonstrated a significant reduction in median length of paediatric hospital stay, from 7.5 to 5.8 days (p <0.05) (12) . Another (11) found no significant difference in duration across total hospital, ED or ICU length of stay; median hospital stay was one day less in patients with point-of-care lactate testing (7 vs 8 days, p=0.27), although rates of admission to the Intensive Care Unit were significantly lower in patients who had received point-of-care lactate testing (33% vs 51%, p=0.02) (11) .
A third study, in the pre-hospital aeromedical setting, demonstrated a significant increase in ED length of stay in the intervention group with pre-arrival point-of-care testing, from a mean time of 216 to 396 minutes (p 0.02)(13); however they do not report subsequent hospital admission or length of stay following this.
Time to available lactate result
Two studies compared point-of-care to laboratory lactate testing. One study demonstrated a significant reduction in time to lactate result (from time of arrival) from a median of 122 minutes to 34 minutes in an ED setting (p<0.001)(11); a second study quoted an odds ratio of 4.6 (95% CI 1.8-11.5) for acquiring a lactate result in under an hour when using point-of-care testing (16) .
DISCUSSION
Main findings
This review identifies an important gap in the evidence needed to guide community clinicians regarding the clinical benefit of point-of-care lactate testing for suspected sepsis in community settings. There were no randomised controlled trials and no studies in primary care. The observational studies identified suffered from serious limitations, and represented very heterogeneous study populations. The majority of included patients were severely unwell, with confirmed sepsis or septic shock, and a significant proportion were admitted to ICU and mechanically ventilated.
However, available evidence suggests that point-of-care lactate testing was associated with a trend towards decreased subsequent in-hospital mortality. We found that point-of-care lactate testing at initial assessment was associated with a reduction in the time to IV fluids and in two studies time to IV antibiotics, as well as an expected reduction in time to result compared to laboratory lactate. Sepsis is a time critical condition: for every hour delay in IV antibiotic administration there is an estimated 8% increase in mortality (18) . We found variable evidence of benefit on length of stay.
Strengths and limitations
This is the first systematic review to explore the evidence for the impact on mortality of point-ofcare lactate testing in suspected sepsis at initial healthcare assessment. We undertook a comprehensive literature search which is unlikely to have missed relevant studies.
There are several limitations. There were no studies set in primary care (including out-of-hours general practice) and only one study in a pre-hospital (highly specialised aeromedical) setting(13), which again was managing critically unwell patients. The remaining studies reported findings from data collected from Emergency Department patients, of which four only included patients subsequently transferred to ICU. There are likely to be substantial differences, most notably in severity of illness, between patients presenting to Emergency Departments and those presenting to primary care. It is unclear to what extent the results from this study can be extrapolated to these settings.
In addition, no randomised controlled trials were identified. The results we present therefore only suggest association between the intervention and outcome with no evidence of causality. In two of the studies (12, 17) point-of-care lactate was introduced alongside a number of additional interventions aimed at reducing mortality from sepsis, and it was not possible to determine the contribution of point-of-care lactate alone to improvements observed. A single paper(12) looked at a paediatric population and therefore we were unable to assess the influence of age on outcomes.
Comparison with existing literature
The NICE sepsis guidance from 2016 highlights that systems need to extend to primary care to facilitate early recognition and prompt treatment, and transfer of patients to the most appropriate location of care in a timely fashion (4) . However, the identification of sepsis in a General Practice setting can be challenging. Use of vital sign recording has been highlighted as a key way to improve sepsis recognition in the community (3, 4, 7, 19) , although the utility of scoring systems in primary care to identify sick patients is still debated(4). Despite this there will still be some patients with sepsis with normal observations that are missed. These individuals may however have an elevated lactate (cryptic shock) and evidence suggests their mortality rate is as high as in those with overt septic shock (19) (20) (21) . Therefore, the addition of point-of-care lactate may be of value, and handheld meters have been suggested to be reliable when compared to laboratory based lactate assays (22, 23) .
Furthermore, testing may inform decisions about administration of immediate antimicrobial treatment (for the most unwell), timing and speed of transfer to hospital, or appropriateness of alternatives to hospital admission. A recent systematic review of primary care physicians described a positive approach to the potential utility of point-of-care diagnostics in reducing diagnostic certainty and increasing more effective targeting of treatment. However, it highlighted the need for reassurance about accuracy and utility of testing -and the possibility of misleading results and resultant over-treatment (24) .
Implications for future research and practice
At present there is a complete lack of evidence to support the use of point-of-care lactate testing in primary care, OOH primary or ambulance settings to improve patient outcomes. Furthermore the appropriate threshold and prognostic values for lactate may be different at first assessment in the community given that established thresholds have been validated in secondary care cohorts with a different spectrum of illness severity and more established pathophysiological change later in the course of an illness. Additionally, there are potential disadvantages of using such a test earlier in the pathway of care, such as increasing the time taken for assessment, false reassurance in emerging septic shock, or a much higher false positive rate in a setting of much lower prevalence leading to inappropriate care escalation. Consideration must also be given to the potential cost of equipment, reagents and staff training, and the potential frequency of testing in primary care.
In the limited evidence base described in this review there are trends towards reduced mortality and reduced time to treatment which point to the potential for point-of-care lactate testing to support recognition of sepsis in the community, decreasing mortality, whilst avoiding unnecessary and costly admissions. However, despite the potential challenges of designing such a study to be undertaken in primary care, randomised controlled trial evidence from community settings is now required to evaluate this potentially beneficial diagnostic technology.
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